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This report  is the Summary Report  on Task 2 of Contract NAS 3-8522 and 
descr ibes  work performed during the January to June 1967 t ime period. This 
contract  is concerned with developing improved mater ia l s  for  use  as  electro-  
chemical cell  separa tors .  
e r t i e s  of "Fuel Cell Grade Asbestos" separa tor  mats .  Task 2 of the program has  
been the study of other types of asbestoses  and al ternate  inorganic fibrous mat-  
e r i a l s .  The scope of the original contract has  now been extended to include a 
second y e a r ' s  work. 
incorporating fibrous forms  of organic mater ia l s  to add s t ruc tura l  integrity to 
the most  compatible inorganic mater ia l s  uncovered in this program. 

Task 1 of the program dealt  with determining the prop- 

This follow-on work will consist  of studying composite mats 
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I11 INTRODUCTION 

Purpose  of the P rogram 

As alkaline fuel cel ls  and electrochemical cells  have reached the present  
level of service expectancy, many vexing problems have been encountered and 
solved. With each successful extension of se rv ice  life, former ly  satisfactory 
components have limitations that represent  obstacles to continued p rogres s .  The 
electrolyte mat r ix  (o r  electrode separator)  is now one significant obstacle to 
p rogres s .  

During the ear l ie r  stages of fuel cell  development, chrysotile mat, available 
f rom Johns Manville Corporation as  Fuel  Cell Asbestos,  was a n  adequate cell  
separa tor  to permi t  t e s t s  of performance that were  limited by failure of other 
p a r t s .  However, chrysotile i s  slowly dissolved by KOH electrolyte,  and the 
appearance of constituent elements in the electrolyte and perhaps on the electrode 
surface is suspected as a contributing cause of slow decline in cell  performance.  
Therefore ,  the sea rch  for a better ma t r ix  mater ia l  has  been undertaken as the 
p r i m a r y  goal of this program. 

Desirable Proper t ies  of a Cell Matrix 

The mat r ix  of a cell  has  several  important functions: 

a )  to provide physical separation and electr ical  insulation 
between electrodes,  

b) to absorb  and retain electrolyte, 

c )  to form a positive gas b a r r i e r  between the  electrodes,  and 

d) to provide a region of high electrolytic conductivity between 
the electrodes.  

Chrysotile asbestos ,  being a soft, highly porous and wetting fibrous mater ia l ,  
mee t s  these requirements very well. Moreover,  chrysotile ma t s  a r e  somewhat 
flexible and strong, and can therefore be handled easi ly  when in the d ry  condition. 
The Arizona chrysotile, f rom which Fuel  Cell Asbestos paper and board a r e  made, 
i s  near ly-pure hydrated magnesium sil icate which may be used without the exten- 
sive purification required to  remove heavy meta l  impuri t ies .  

1 
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. 
Because of the superiority of chrysotile among the mater ia l s  available, 

it has  been used widely in alkaline electrochemical cells ,  and consequently 
i t s  performance i s  known in detail. 
s e rve  as a reference against  which to evaluate other ma t r ix  mater ia l s .  

It i s  naturally the mater ia l  of choice to  

Tes t  P rogram 

One goal of this program is to establish a small group of laboratory tes t s  
by which the performance of a prospective mat r ix  mater ia l  might be accurately 
predicted without recourse to complete cell  t es t s .  The t e s t s  selected for use  in 
this program were  intended to yield quantitative evaluation of propert ies  closely 
related to the matrix function, and yet, a t  the same time, they were  chosen to be 
as  simple a s  possible. 

The mater ia l  of the mat r ix  w a s  examined for composition, f iber s t ructure ,  
sur face  a r e a ,  and compatibility with KOH electrolyte.  
thicknesses were  tested for  tensile strength, porosity, density, thickness var -  
iation, and pore s ize  distribution. Mats,  wet with 30% KOH solution, were tested 
for electrolyte absorption, electrolyte retention under 25g acceleration, electrolytic 
r e  si stance, gas  pe rmea bility and electrochemical reactivity. 
details  of these tes t s  a r e  described in the Task 1 summary  repor t  of this program* 
in r ega rd  to their  application to the Fuel  Cell Asbestos mats .  

Dry mats in specified 

The experimental 

Mater ia ls  Tested 

Following the testing of chrysotile Fuel Cell paper and board, the same t e s t s  
have been applied to other asbestoses,  natural  and chemically-modified. These 
a r e  t remoli te ,  anthophyllite, amosite,  and crocidolite. They were  modified by 
leaching with acids,  wetting agents, o r  sequestering agents. Treatment  with acid 
o r  sequestering agents was intended to remove the heavy metal  constituents which 
may  be t ransfered to electrode surfaces.  
mote separation of f ibers ,  thus improving the ma t  propert ies .  

The wetting agent was intended to p ro -  

In addition to these natural  f ibers,  the t e s t s  were  applied a l so  to zirconia, 
hydrated magnesia,  potassium titanate f iber  ( P K  T), zirconium sil icate,  titanium 
oxide, silicon carbide, and ce r i a .  

J .  W. Vogt; NAS CR-7 2 148, "Study of Asbestos for  Electrochemical  Cells"; 
F i r s t  Summary Report, Contract NAS 3-8522, TRW Inc . ,  Dec. 28, 1966. 

2 
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All these mater ia l s  were  f i rs t  evaluated mainly on the basis  of chemical 
compatibility with hot KOH. 
m a t s  for the remainder of the tes t  program. 

The four best  mater ia l s  were  then formed into 

This repor t  briefly summarizes  the propert ies  of the Fuel  Cell Grade 
Asbestos separa tors  (as determined in Task 1 of the program)  and compares  
these  with the other candidate mater ia l s  tested in the present  phase (Task  2) 
of the p rogram.  

3 
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I V  SUMMARY OF ASBESTOS W4T PROPERTIES 

T 

1. 

2. 

3. 

4. 

5. 

sk  1 f this program consisted of testing Fuel  Cell Asbestos,  with the 
following general  resul ts  reported in the Task 1 Summary Report: 

Tensile strength of the dry 20-mil thick paper is about 150 ps i  
and seems  to be reasonably constant within a production batch. 
The 60-mil thick millboard varied f rom tensile strengths of 80 
to 170 ps i  within. a production batch, with very marked differ- 
ences between specimens taken f rom begiining and end of a pro-  
du c ti on batch. 

During tensile testing of the 60-mil millboard specimens taken 
paral le l  to the processing direction underwent about twice the 
elongation a s  those specimens taken in the t r ansve r se  direction. 
The 20-mil paper evidently does not have a similar directional 
dependency. 

Surface a rea ,  determined by nitrogen adsorption, is about 50 m 2 / g  

Density, determined by the air comparison pycnometer, i s  2. 73 g / cc .  
Comparing this  with the apparent density based on geometric volume, 
the d r y  paper i s  about 6670 porous and the millboard i s  about 70% 
porous.  

P o r e  s ize  distribution by the mercu ry  intrusion method could not be 
measured.  Evidently the porous chrysotile f ibers  collapsed under 
the mercu ry  p r e s s u r e  and the pressure-volume profile was simply 
that of a continuously compressible solid. 

Electrolyte absorption and retention. 
about 5. 65 t imes i ts  weight of 4070 KOH solution, and retains  about 
72% of that solution during the 25 g accelerat ion tes t .  
paper does not swell a s  freely.  
of 40% KOH and retains  about 99% of this  under the 25g tes t .  

The 60-mil millboard absorbs  

The 20-mil 
It asborbs  about 3. 8 t imes  i ts  weight 

4 
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6 .  Gas Permeabili ty was measured for the mater ia l  
d ry  s ta te  and whiie containing KOH solution in various electrolyte- 

both in the 

matrix weight proportions f rom 1 : 1 to  saturation. The permeabili ty 
ra te  for  the d ry  specimen is evidently of l i t t le significance. 
wetted with KOH, the 20-mil chrysotile paper consistently leaked gas  
even when saturated,  a t  about 5 ps i  p r e s s u r e  differential. 
the 60-mil millboard remained gas tight a t  30 ps i  even a t  the 1 : 1 weight 
proportion of KOH solution. 

When 

In contrast ,  

7 .  Electrolytic Resistance.  
mitted the specimen to swell without res t ra in t ,  and the t e s t s  a r e ,  
therefore ,  of dubious quantitative value. However, they do reveal,  as  
do severa l  other of the tes ts ,  that  the paper specimens a r e  more  con- 
sistent than the millboard specimens.  
0. 84 ohm cm2 (5.  5 ohm cm);  the paper about 0 . 4 7  ohm c m 2  (9  ohm cm).  

The apparatus  used for these ear ly  tes t s  pe r -  

The millboard averaged about 

8. Chemical degradation tests revealed that chrysotile,  a hydrated mag- 
nesium sil icate,  r eac t s  slowly with hot KOH solution by dissolution of 
the si l icate constituent. 
insoluble, but it is a gelatinous mater ia l  completely lacking the fibrous 
charac te r  of the chrysotile. There was some indication that the fiber 
destruction was not general, but selective.  At the end of the tes t ,  many 
f ibers ,  apparently essentially unchanged, remained in the mass (F igu re  
1). However, a t  the end of a more  severe  tes t ,  all evidence of fibrous 
charac te r  had completely disappeared. 

The residual hydrated magnesium oxide is 

9 .  Electrochemical Reactivity. 
100°C, to an electrolytic cu r ren t  density of 100 ASF, the electrolyte had 

After 7 2  hours  of exposure in 4070 KOH at 

apparently not acquired a significant quantity of constituent elements 
f r o m  the specimen. 
deposit proved to be iron - probably a s  the hydrated oxide. 

The anode surface became slightly mottled and tk 
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Figure  1. Chrysot i le  (a) before and (b) a f t e r  chemical  degradation 
tes t .  Magnification 1OX. 

w 
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V SCREENING TESTS O F  CANDIDATE B.LATERL4LS 

The additional ma te r i a l s  being considered for use  on this p r o g r a m  beyond 
those evaluated in Task 1 were  f i r s t  tes ted by a chemical  degradation t e s t  in 
o r d e r  to  determine which were  the m o s t  promising to f o r m  into mats for  fur ther  
evaluation. 

F o r  this tes t ,  specimens were  submerged in positively sealed containers 
( F i g u r e  2) for  100 and 1000 hours  in 30% and 5070 KOH solution at 100°C and 
150°C. Although this  does not compr ise  the en t i re  span of concentrations and 
t empera tu res  specified for the program,  i t  p roves  adequate to  distinguish be- 
tween the ma te r i a l s  of possible value and the obvious fai lures .  

The tes t  was  applied individually to: 

natural  and leached 

Tremoli te  
Amos i t  e 
An thop hy 1 l i t  e 
Crocidolite 
Zirconia E f iber  (neodymia stabil ized) 
TX fiber (nemolite: hydrated magnesia  minera l )  
Potass ium titanate fiber (PKT)  
Boron ni t r ide f iber  
Silicon carbide fiber 
Cer i a  powder 
Titania powder 

Several  p ropr ie ta ry  ma te r i a l s  were  a l s o  tested: 

ACCO-I (Amer ican  Cyanamid Go) 
Ace-Si1 (Amerace  Corporation) 
Chrysotile-PK T-Neoprene bonded ( P r a t t  & Whitney Aircraf t )  

The r e su l t s  of these t e s t s ,  in t e r m s  of percentage weight loss  of the spec-  
The conclusions derived f rom these imen  during the tes t ,  a r e  given in Table 1. 

t e s t s  a r e :  
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Figure  2. View of specimen holder (teflon bottle) and pipe capsule  
into which bottle is inser ted  for  high t empera tu re  chemical  
degradation tes t s .  

8 
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TABLE 1 

Chemical ComDatibilitv 

Tes t  Tes t  KOH 
Specimen Identification Time(Hr) Temp( O C) Conc. 

Chrysotile 1600 
Chrysotile 1600 
Chrysotile 1600 
Chrysotile 2600 
Chrysotile 2600 
Chrysotile 2600 
Chrysotile 3600 
Chrysotile 3600 
Chrysotile 3600 
Chrysotile 4600 
Chrysotile 4600 
Chrysotile 4600 

ACE-SIL 
ACE -SIL 
ACE-SIL 
ACE-SIL 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 

30 
40 
50 
40 
50 
60 
50 
60 
30 
60 
30 
40 

100 100 30 
100 100 50 
100 150 30 
100 150 50 

Potass ium Titanate with 
Asbestos  and Neoprene 
Binder 100 100 30 

1 1  100 100 50 
100 150 30 

I I  100 150 50 

I I  

ACCONo. 1 
ACCONo. 1 
ACCONo. 1 
ACCONo. 1 
ACCONo. 1 
ACCONo. 1 
ACCONo. 1 
ACCONo. 1 

100 
100 
100 
100 

1000 
1000 
1000 
1000 

100 
100 
150 
150 
150 
150 
150 
150 

30 
50 
30 
50 
30 
30 
50 
50 

7 0  Wgt. 
Loss  

19. 8 
30. 6 
59 .5  
25. 1 
38. 0 
38. 8 
37. 2 
39 .9  
7 . 4  

3 9 . 5  
19. 5 
22. 5 

27. 9 
27. 7 
27. 7 
25. 3 

7 .  2 
8 .4  

10. 7 
17. 1 

3. 0 
11. 2 
19. 9 
45. 5 
35. 4 
33. 2 
71. 0 
76. 9 

Remarks  

60 -mil board 
6 0 -mil board 
60-mil board 
60 -mil board 
60-mil board 
60 -mil board 
20-mil paper  
20-mil paper  
20-mil paper  
20-mil paper  
20-mil paper  
20-mil paper  

9 
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TABLE 1 (Continued) ~ 

Test  Tes t  KOH yc Wgt. 
Specimen Identification Time(Hr) Temp ( " C )  Conc. Loss Remarks  

Boron Nitride 
Boron Nitride 
Boron Nitride 
Boron Nitride 
Boron Nitride 
Boron Nitride 
Boron Nitride 
Boron Nitride 

100 
100 
100 
100 

1000 
1000 
1000 
1000 

100 
IO0 
150 
150 
150 
150 
150 
150 

30 
50 
30 
50 
30 
30  
50 
50 

93. 4 Totally dissolved 1 
98. 3 Totally dissolved 1 
99. 8 Totally dissolved ' 
99. 9 Totally dissolved 

Totally dissolved 
Totally dissolved 
Totally dissolved 
Totally dissolved 

Potass ium Titanate 
( Tipe r sul Pulp) 

I t  

I t  

I 1  

1 1  

I 1  

1 1  

1 1  

Zirconia E 
Zirconia E 
Zirconia E 
Zirconia E 
Zirconia E 
Zirconia E 
Zirconia E 
Zirconia E 

TX F ibe r  
TX F ibe r  
TX F ibe r  
TX Fiber  
TX Fiber  
TX Fiber  
TX Fiber  
TX Fiber  

1000 

1000 
1000 
1000 

100 
100 
100 
100 

1000 
1000 
1000 
1000 

100 
100 
100 
100 

1000 
1000 
1000 
1000 

100 
100 
100 
100 

150 

150 
150 
150 
100 
100 
150 
150 

150 
150 
150 
150 
100 
100 
150 
150 

150 
150 
150 
150 
100 
100 
150 
150 

30 

30 
50 
50 
30 
50 
30 
50 

30 
30 
50 
50 
30 
50 
30 
50 

30 
50 
30 
50 
30 
50 
30 
50 

2.  7 

8. 6 
13.. 4 
7 . 2  
4 . 0  
8 . 2  
0 . 4  
0. 6 

0 .  2 
0 . 3  
0 . 7  
0 .  6 
0. 1 
0. 1 
0 . 4  
0 . 3  

20. 5 
3. 6 

37. 3 
5. 5 
1 . 5  
1. 6 
1 . 7  

- Lost  sample 

10 



TR WINC. EQUIPMENT LABORATORIES 

Specimen Identification 

Amosi te  
Amosite 
Amosite 
Amosi te  

Crocidolite 
Crocidolite 
Crocidolite 
Crocidolite 

An thop hylli te  
Ant hop hyllit e 
Anthophyllite 
Ant hop hylli t e 

Tremoli te  
Tremoli te  
T r emolite 
Tremoli te  

Silicon Carbide (wool) 

Ce r i c  Oxide 
Cer i c  Oxide 
Cer i c  Oxide 
Cer i c  Oxide 
Cer i c  Oxide 
Cer ic  Oxide 
Cer ic  Oxide 
Cer i c  Oxide 

TABLE 1 (Continued) 

Potass ium Titanate PKT 1000 
Potass ium Titanate PKT 1000 

Test  
Time (Hr)  

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Tes t  KOH 
Temp ( O C) Conc. 

100 
100 
150 
150 

100 
100 
150 
150 

100 
100 
150 
150 

100 
100 
150 
150 

150 

150 
150 
150 
150 
100 
100 
100 
100 

100 
100 

30 
50 
30 
50 

30 
50 
30 
50 

30 
50 
30 
50 

30 
50 
30 
50 

50 

30 
30 
50 
50 
30 
30 
50 
50 

30 
50 

73 Wgt. 
Loss Remarks 

6. 8 
30. 3 
9 . 7  

39. 2 

7 . 0  
26. 9 
37. 2 
4 7 . 4  

3. 0 
7 . 5  
9. 0 

25. 6 

4. 6 
5. 5 
7. 5 

12. 9 

14. 6 

1. 9 
1. 2 
0 .  6 
1. 8 
1. 5 
1. 6 
1. 8 
1. 2 

4. 1 
3. 0 

11 
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TABLE 1 (Continued) 

ComDatibilitv Test  (Weight Gain) 

Tes t  Tes t  KOH % Wgt. 
Specimen Identification Time (Hr)  Temp ( "C) Conc. Gain Remarks  

Po ta s s ium Titanate PKT 1000 150 30 8. 4 
Potass ium Titanate PKT 1000 150 30 - No l o s s  o r  gain 
Po ta s s ium Titanate PKT 1000 150 50 32. 7 
Po tas s ium Titanate PKT 1000 150 50 - Lost  sample 
Po ta s s ium Titanate PKT 1000 100 30 9 .  8 
Potass ium Titanate PKT 1000 100 50 5. 8 

Titanium Oxide 
Titanium Oxide 
Titanium Oxide 
Titanium Oxide 

Titanium Oxide 
Titanium Oxide 
Titanium Oxide 
Titanium Oxide 

1000 
1000 
1000 
1000 

1000 
1000 
1000 
1000 

150 
150 
150 
150 

100 
100 
100 
100 

30 
30 
50 
50 

30 
30 
50 
50 

34. 3 
30. 4 
60. 4 
87. 7 film of t ransparent  

Both had a thin 

ma te r i a l  p re sen t  
6. 8 
6. 3 

41. 3 
44. 8 

12 
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1. 

2. 

3.  

4. 

5. 

6 .  

The asbestoses ,  being sil icates,  a r e  inherently reactive with 
KOH and a r e ,  therefore ,  unsuitable. Pre t rea tment  of the asbestos  
with dilute acid o r  sequestering agent removes the metall ic cations 
f rom the fiber,  leaving sil ica,  which i s  readily soluble in alkali.  

TX fiber is superior  in resistance to KOH, but its high i ron content 
renders  it unsuitable for matrix service.  

The three  propr ie ta ry  mats a r e  poor. 

Boron nitride dissolves completely, and silicon carbide f iber  is poor. 

Zirconia E fiber and cer ia  powder a r e  virtually unchanged. 

PKT and titania change only slightly during the 100 hour tes t ,  but 
both gain weight significantly during the 1000 hours’#. The titania 
developed an insoluble, gelatinous film, which may  be a hydrated 
titania, but we have not established a cheTica1 identification. 

The four mater ia l s  selected for fur ther  study on the bas i s  of the initial chem- 
ical  degradation tes t s  a r e  Zirconia E, PKT f iber ,  cer ia ,  and t i tania.  The r e -  
maining chemical degradation tests - notably a t  200°C - a r e  s t i l l  in progress .  

These four selected mater ia l s  were  subjected to the remaining tes t  p rog ram 
which included a more  intensive look a t  the as - rece ived  mater ia l s  as  well as the 
fabrication and evaluation of ma t s  of these mater ia l s .  

:: This information about the weight gain of titania and P K T  was obtained at the 
end of the 100Cbhour chemical compatibility tes t s ,  actually a f te r  the program 
of tes t s  with mats  of these mater ia ls  had been completed. With this  new evi- 
clence that PKT and titania, while remaining insoluble, undergo changes due 
probably to hydration, questions a r i s e  concerning the matrix proper t ies  of 
these changed mater ia l s .  It is conceivable that with the development of new 
part ic le  surface propert ies ,  the bubble p r e s s u r e  m a y  be great ly  improved and 
the electrolytic res is tance may increase.  The par t ic les  may  a l s o  develop a 
coherence that will obviate the need for the added fibrous binder that  was used 
in ma t s  made for this program. 

13 
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V I  EVALUATION O F  SELECTED MATERIALS 

The four mater ia l s  (zirconia f iber ,  PKT, cer ia  and titania) selected in the 
chemical compatibility t e s t s  were evaluated by the full complement of tes t s  in 
this p a r t  of the program. This included a fur ther  study of the as-received f ibers  
o r  powders, the preparation of 20 -mi l  and 60-mil thick m a t s  f rom these mater ia l s ,  
the study of the dry  mats ,  and an  evaluation of the mats when wet with KOH. For 
the preparat ion of mats  f rom these mater ia l s ,  10% chrysotile fiber was  added to  
the base constituent to help improve the s t ruc tura l  integrity of the mats. 

Starting Mater ia ls  

Chemical composition. - The chemical composition of the chrysotile asbestos  
and the other four mater ia l s  used in ma t  preparat ion a r e  listed below. 
s e s  have been supplied by the vendors of the respective mater ia l s .  

These analy- 

Fuel  Cell Asbestos (Arizona chrysotile f rom Johns Manville) 

The composition included in the Task 1 repor t  is repeated here:  

4 1. 8670 
42.78 

2. 19 
0. 85 

42. 14% 
42. 80 

1. 70 
0.87 

PKT (Pigmentary Potassium Titanate f rom duPont) 

T i02  85% 

K2O 

K61 0. 1 

11 
3. 0 K SO4 

F e  100 ppm 

Titania ( T i 0  ) (F i she r  Scientific Go. , Certified Anhydrous) 2 

Water soluble sa l t s  0 .  0570 
Arsenic  (AS) 0. 00024 
Iron ( F e )  0 . 0 1  
Lead (Pb)  0.002 
Zinc (Z)  0 . 0 1  

14 
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Zirconia F iber  (H. I. Thomas Fiberg lass  Co. ) 

This mater ia l  is basically zirconium oxide, stabilized by 10- 15% neodymia. 
Semiquantitative spectrographic analysis by a commercial  laboratory yielded the 
following resul ts :  

Zirconium 
Hafnium 
Magnesium 
Titanium 
Silicon 
Calcium 

7 370 
0 . 7 4  
0.012 
0. 068 
0. 13 
0. 003 

Cer ia  (Cer ic  oxide - Fishe r  Scientific Co. Certified Grade) 

CeO, 99. 570 min. 
0. 05 max. 
0 . 0 0 3  
0 . 0 0 5  

Our spectrographic analysis revealed appreciable calcium, but no quantita- 
tive est imate  was attempted. 

F ibe r  s t ructure .  - The natural asbes toses  - amosi te ,  anthophyllite, t remoli te ,  
and crocidolite - and TX fiber were photographed at 1OX magnification (F igu res  3, 
4, 5, 6, and 7 ) .  Although these mater ia l s  were  not selected for the comprehensive 
testing program,  the photographs reveal  the wide difference in charac te r  of the 
mater ia l .  The fiber length and degree of fiber separation a r e  largely determined 
by the processing each one has received, but some inherent differences a r e  evi- 
dent. Tremolite is a very soft, "ropey" fiber,  while TX fiber is fine, loose,  and 
tends to be brit t le.  The anthophyllite f ibers  a r e  shor t  and poorly resolved. 

The Zirconia E fiber is evidently a smooth surfaced fiber,  tends to cur l ,  but 
the f ibers  tend to remain separated (F igure  8). The potassium titanate ( P K T )  is a 
shor t  straight f iber that tends strongly to clump together (F igure  9 and 10).  The 
c e r i a  and titania a r e  not included here  since they were  purchased as powders and, 
therefore ,  have no fibrous structure.  

15 
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Figure 3. Amosite (1OX) 

Figure 4. Anthophyllite (1OX) 
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Figure 5. Tremol i te  (1OX) 

F igu re  6. Crocidolite (1OX) 
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Figure  7. TX Fiber (1OX) 

F i g u r e  8. Zirconia  E F i b e r  (1OX) 

18 



IRWINC. EQUIPMENT LABORATORIES 

Figure 9. Potassium Titanate PKT (1OX) 

Figure 10. Potassium Titanate PKT (10,  OOOX) 

M 
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Surface a r e a .  - Surface a r e a s  of the component mater ia l s  selected for 
incorporation in ma t s  were  measured by the nitrogen adsorption technique, with 
the Pe rk in  E lmer  Sorptometer,  Model 212B. 

Ceria  2. 08 m 2 / g  
Chrysotile 50 m 2 / g  
Potassium Titanate 10. 2 m 2 / g  
Titanium Oxide 8. 16 m 2 / g  
Zirconia E 2. 85 m 2 / g  

The manufacturer ,  H. I. Thompson Fiberg lass  Coy repor t s  the value of 100m2/g 
for  Zirconia E fiber.  
would indicate that our experimental value of 2. 85 m 2 / g  is c loser  to what would 
be expected for this size of f iber .  

A look a t  the macrograph of this f iber (F igure  8), however, 

PreDaration of Mats 

Because mats composed individually of the four selected mater ia l s  - PKT, 
ce r i a ,  zirconia, and titania - a r e  too weak and brit t le to be tested,  these mater ia l s  
were  blended with 10 weight percent of chrysotile asbes tos  f ibers  to add s t ruc tura l  
integrity to the mats. 
then blended together in water by prolonged gentle mechanical s t i r r ing .  

The components for each m a t  were  weighed separately and 

Chrysotile fiber,  when well dispersed, forms  a very slowly settling aqueous 
Mats a r e  best  prepared with a sheet mold which consis ts  essentially suspension. 

of a r e se rvo i r  equipped with a fine sc reen  bottom and a water-column drain to 
generate  about 30 inches of hydrostatic p r e s s u r e  a t  the screen .  
pension of fiber is poured into the reservoi r ,  agitated, allowed to  become quiescent, 
and then quickly sucked down against the screen .  
sc reen ,  p re s sed  between absorbent paper,  and dried.  

The dilute sus-  

The m a t  is then lifted off the 

A sheet  mold was built in this laboratory to make  mats of chrysotile and 
The reservoi r  was made unusually tall to  contain, similar f ibers  (F igure  11). 

in one filling, the quantity of dilute suspension needed for a 60-mil thick mat.  
The sc reen  was replaced by a layer of 1-inch thick, f ine-pore polyurethane sponge 
on a perforated Plexiglass plate support. 
f i l ter  bed, f rom which the m a t  could be cleanly separated.  
sandwiched between l aye r s  of absorbent paper and plast ic  plates and compressed 
by rolling with a 20 lb. steel  cylinder, a f te r  which it was dr ied in a laboratory oven. 

The sponge was  a n  effective. non-clogging 
The wet mat was then 

20 
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Figure 11. Mat Casting Apparatus.  
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The sheet mold cannot be used with the other selected mater ia l s .  In 
contrast  with chrysotile fiber,  the other mater ia l s  a r e  m o r e  dense and sett le 
much fas te r  f rom a dilute suspension. 
suspension, the grea t  disparity in settling r a t e s  causes  g ross  stratif ication in 
the m a t  that is formed. 
the suspension must  be made quite concentrated and it must  be cas t  quickly. 
polyurethane sponge, which served so  well as  a bed for the casting of fibrous 
chrysotile,  is unable to retain the small-par t ic le  powders.  Consequently, we 
used a standard laboratory Buchner funnel with f i l ter  paper for preparat ion of the 
composite mats. 
towels to remove most  of the water by capillarity. 
paper towels, and compressed in a smal l  manual hydraulic p r e s s .  

When mixed with chrysotile in dilute 

In o rde r  to p re se rve  the des i red  homogeneity in the mat, 
The 

After being formed in the funnel, the ma t  was placed on paper  
Finally, i t  was placed between 

Composites with zirconia fiber were  completely crushed by the hydraulic 
pressing,  and therefore required more  gentle t reatment .  We compacted the 
zirconia composite mats  by placing them between l aye r s  of absorbent paper 
sandwiched between lucite plates (with metal  shims to establish the final mat  
thickness) and rolling manually with a 20-lb. s teel  cylinder. 

The ma t s  prepared for testing were  to be of two thicknesses:O. 020 *O. 002 
The mats  containing PKT, cer ia ,  and titania were  inch and 0. 060 f 0. 004 inch. 

made  conforming to the thickness requirements  by maintaining a constant molding 
technique and final compaction pressure ,  and by controlling the weight of mat -  
e r i a l  in a mat. 
e r i a l  p e r  ma t  was adjusted to permit the final compaction without incurring undue 
destruction of the brittle f ibers.  In all cases ,  the ma t s  of each composition pro-  
duced for  t e s t  were  uniform in thickness and weight. 

In the case of the zirconia fiber composites, the weight of mat- 

Dry Mat Proper t ies  

Strength. -Tensile tes t s  were performed on the Instron Tensile Tes te r .  The 
specimens were  die-cut rectangles, 2 x 3 inches, mounted to provide a gage length 
of 1 inch. Cross-head was 0.  50 inch pe r  minute. 

Typical extension curves a re  presented in F igure  12, and the tensile s t rength 
resu l t s  a r e  recorded in Table 2. 
only 10-1570 as strong a s  the Fuel  Cell Asbestos ma t s .  
that mos t  of the strength of these mats  can be attr ibuted to the 10% chrysotile 
f i b e r s  added to the mat.  

It is noted that these mats  a r e  approximately 
It is likely, therefore,  

2 2  
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TABLE 2 

Tensile Tes ts  

:k 
Load( lbs  1 

Tensi le  
Str  ength(p si) Thickne s s Sp e c i m  en 

Cer i c  Oxide- Chrysotile 
Ce r i c  Oxide- Chrysotile 
Ce r i c  Oxide- Chrysotile 
Ce r i c  Oxide- Chrysotile 

. 020" 

. 020" 

. 060" 

. 060" 

. 7 1 5  

. 895 
4. 06 
2. 295 

17. 9 
22.4 
33. 8 
19. 2 

Titanium Oxide - Chrysotile 
Titanium Oxide - Chry sotile 
Titanium Oxide- Chrysotile 
Titanium Oxide- Chrysotile 

. 020" 

. 020" 

. 060" 

. 060" 

. 7 1  

. 54 
3. 18 
2. 89 

17. 7 
13. 5 
25. 6 
24. 1 

Potass ium Titanate PKT -Chrysotile 
Potass ium Titanate PKT -Chrysotile 
Potass ium Titanate PKT -Chrysotile 
Potass ium Titanate PKT -Chrysotile 

. 020" 

. 020" 

. 060" 

. 060" 

. 550 

. 505 
1.955 
1. 615 

13. 7 
12. 6 
16. 3 
13. 5 

Zirconia E- Chrysotile 
Zirconia E - Chrysotile 
Zirconia E -  Chrysotile 
Zi rconia E- Chrysotile 

. 020" 

. 020" 

. 060" 

. 060" 

. 620 

. 7 2 5  
2. 305 
2. 20 

15. 5 
18. 1 
19. 3 
18. 4 

Fuel  Cell Asbestos:W 
Fue l  Cell Asbestos:k::c 

. 020" 

. 060!' 
150 

80- 170 

:k Load on a 2" wide cross-sect ion of the l is ted m a t  thickness 
::::kResults f rom Task 1 of the program 
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Density. - True densit ies were measured  with the Beckmann Air Comparison 
Pycnometer .  Values for  the mat components separa te ly  a re :  

Ceria  6 . 9 3  g / cc  

Potassium Titanate (PKT)  3. 32 g /cc  
Titania 4. 03  g / cc  
Zirconia E 4 .70  g / c c  

Chrysotile 2 .73  g / cc  

True  densit ies of the finished m a t s  were  a l so  determined, the resu l t s  a r e  
recorded in Table 3. 
t rue  density with the geometric density. Porosi ty  in the 70-8570 range was obtained 
in these mats .  
the standard asbestos  mats. 

The ma t  porosity was a l so  computed f rom a comparison of 

This appears  favorable compared to the 7070 porosity typical of 

Thickness variations. -Thickness was measured  with a dial gage instrument  
equipped with a 112-inch diameter  foot and dead-weight loaded to 5 lb  p e r  square  
inch. Only those mats were  retained for testing which fulfilled the thickness tol- 
e rance  requirements,  namely *O. 002 inch for  the 0. 020-inch mats and io. 004 
inch for  the 0. 060-inch mats .  

P o r e  s ize  distribution. - The pore  s ize  distribution of these mats was measured 
by the mercu ry  intrusion method using an Aminco- Winslow Poros imeter .  
resul tant  pore spectra  curves  a r e  shown in F igure  13. These resu l t s  show that the 
t i tania and the PKT mat s  contain pores mostly in the sub-micron range. The ce r i a  
m a t  has  most  of its po res  in the 1-1. 5 micron range, and the zirconia mat contains 
po res  mostly in the 10-micron range. 
pore  s ize  of the zirconia mat results in poor gas-sealing behavior compared to the 
other  ma t s .  

The 

As will be seen la te r ,  this  relatively l a rge  

Mercury  intrusion curves could not be obtained on the new Fuel  Cell Grade 
Asbestos mats  studied in Task 1 because their  flexibility caused them to collapse 
under the mercu ry  p res su re .  
intrusion on used asbest,os that had become stiff a f te r  removal f rom an  operating 
cel l )  indicated that Fuel Cell Grade Asbestos has  a n  average  pore  s ize  in the one- 
half micron  range. This is close to the pore s ize  of the titania and the PKT mats 
ma e for this program. This indicates that these mats should have a capability 
fo r  demonstrating good gas sealing proper t ies  if they can re ta in  their  s t ruc ture  
when wet with electrolyte. 

However, some p r i o r  data (obtained by m e r c u r y  

? 
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Specimen Identification 

Densitv of Mats 

Cer ic  Oxide- Chrysotile 
. 020" Thickness 
. 060" Thickness 

Zirconia E-  Chrysotile 
. 020" Thickness 
. 060" Thickness 

Potass ium Titanate PKT- 

. 060" Thickness 
Chrysotile 

Titanium Oxide- Chrysotile 
. 020" Thickness 
. 060" Thickness 

Actual 
Density 

6. 24g/ cc 
6.  18g/cc 

4 .97g/cc  
5. 39g/cc 

3. 59g/cc 

3. 67glcc 
3. 85glcc 

Apparent 
Density 

1. 64g/ cc  
1. 8Og/cc 

0. 67g/cc 
0 .72g/cc  

0 .47g/cc  

0. 98g/cc 
1. 16g/cc 

70 Void 
Volume 

74 
71  

86 
87 

87 

7 3  
70 
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Electrolyte Absorption and Retention 

The technique used for t h i s  test  was essentially that described inthe Task I 
Summary Report  of this program,  except that in the recent  t e s t s  all the manipul- 
ations - weighing, saturating centrifuging, etc.  - have been performed without 
t ransfer r ing  the specimen from its supporting screen .  The mats ,  when saturated 
with KOH electrolyte,  a r e  too fragile to permi t  such a t ransfer .  
these tes t s  a r e  summarized in Table 4.  

The r e su l t s  f rom 

A s  a basis  on which to compare these resu l t s ,  i t  i s  recalled that the 20-mil 
asbestos  absorbed 3 . 8  t imes  i t s  weight in KOH, and the 60-mil mat absorbed 5 . 6  
t imes  i t s  weight. On this  basis ,  the zirconia mat and the PKT mat compare fa+- 
orably with the standard asbes tos  in ability to abso rb  The ma t s  made  
f rom the powders ( ce r i a  and titania) do not compare  as favorably with the asbestos .  
P a r t  of this difference is due to the higher density of the powders compared with 
the chrysotile asbestos .  If this density difference is cor rec ted  for,  however, these 
ma t s  st i l l  have only about one half the absorbancy of asbes tos  on a volume-to- 
volume basis .  

electrolyte.  

The ability of the mats  to retain electrolyte under the action of an  acceleration 
force of 25g compares  well with the asbes tos  ma t s .  The mats made f rom the z i r -  
conia fiber lose significantly more  than the others .  However, the ability of the 60- 
mil zirconia ma t  to re ta in  78% of the electrolyte during the t e s t  is about the s a m e  as 
was experienced with the 60-mil asbestos mats .  

Electrolvtic Resistance 

The measurements  of electrolytic res is tance of chrysotile paper and mill- 
board were  performed with a two-piece cell  (F igure  14) of the design descr ibed by 
J. E. Cooper and A. F le i scher  (Character is t ics  of Separators  for  Alkaline Silver 
Oxide- Zinc Secondary Bat ter ies ,  Screening Method). 
reference electrodes specified by these authors ,  we substituted dynamic hydrogen 
electrodes.  Generally there  i s  a small potential difference between the two hydro- 
gen electrodes,  but this causes  no difficulty. 

In place of the Hg-HgO 

The tes t  of a specimen consists in measuring the potential difference between 
the two hydrogen electrodes with and without cur ren t  through the specimen. 
net change in potential is a measure  of the IR drop a c r o s s  the specimen. 

The 
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When the chrysotile mat r ices  were  tested,  the specimens were  simply 
clamped between the cell halves and permit ted to expand freely.  
the ma t r i ces  prepared  in Task 2 disintegrate when saturated with electrolyte,  
and consequently, a physical support was required for this tes t .  
modified by installing between the cell  halves a Plexiglass sheet ( 1 / 8  inch 
thick) with a 5 / 8  inch hole bored coaxial with the 1/ 2" diameter  hole that forms  
the electrolyte channel. 
specimen can be mounted between double layers  of supporting metal  sc reen .  
Under these conditions, the specimen can attain a maximum thickness of about 
60  mils. 

However, 

The cell  was 

This arrangment  provides a chamber in which the 

By measuring the attenuation of light to a photographic photometer, a 
single layer  of metal  s c reen  was estimated to be about 5070 transmitt ing.  

A question of data interpretation a r i s e s .  The exposed diameter  of the 
specimen i s  now 5/8  inch ra ther  than 1 /2  inch. This constitutes a n  a r e a  increase  
of 56%. 
gion of recti l inear e lectr ical  flow lines.  The degree  to which this rim a r e a  con- 
t r ibu tes  to  the total  specimen conductivity is  not known. 
the supporting screens  reduce the effective specimen a r e a  i s  not known. A t e s t  
was therefore  performed to provide a factor of relationship between the total  
geometr ic  a r e a  and the effective conducting a r e a  of the supported specimen. 

However, this increased a r e a  i s  a rim 1/ 16 wide lying outside the r e -  

Also, the degree to which 

F o r  this t e s t  we selected Ace-Sil, a well-bonded non- swelling microporous 
rubber  separa tor  mater ia l  of 27-mil thickness. A piece of this mater ia l  was first 
tes ted without, and then with, the Plexiglass separa tor  and supporting screens .  
First, the specimen was mounted directly between the tes t -ce l l  halves so that a 
1 / 2  inch diameter  disk of surface was fully exposed to the electrolyte.  
this  t e s t  yielded the t rue  electrolytic res is tance of the specimen. 

Data f rom 

In the second test ,  the specimen, t r immed to 5/8" d iameter ,  was mounted 
between the double layers  of supporting sc reen  in the Plexiglass  r e c e s s  between 
the t e s t  cell  halves. 
res i s tance  of the unsupported specimen. 

The resu l t s  of this t e s t  indicated jus t  about four t imes  the 

Accordingly, in the data reported for electrolytic res is tance (Table 5), the 
computations a r e  based on the full specimen a r e a  (1.  98 c m 2 )  and the final value 
of res is tance is reduced by the factor of four. 
relationship, specimens of chrysotile were  a l so  measured  and the data is included 
in Table 5 .  

In o rde r  to  establish a basis  of 
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TABLE 5 
- -  

Electrolytic Resis tance of Mats  

2 (Curren t  87 ma, Specimen Area  1 .98  cm ) 

Specific 

Sp e c ime n ( inches)  (ohm-cm 2) (ohm-cm) 
Thickness R of Mat:* Re s is tance s 

Potass ium Titanate ( P K  T) 0 .020 0. 209 4.  13 
0.020 0. 218 4. 30 

Zirconia E 

Titanium Oxide 

Cer i c  Oxide 

Fuel  Cell Asbestos 

0 . 0 2 0  0. 198 3. 90 
0.020 0. 181 3. 58 
0.020 0. 180 3. 55 
0. 060 0. 228 1. 50 
0. 060 0. 226 1.49 
0. 060 0. 226 1.49 

0.020 0. 170 3. 36 
0.020 0. 176 3. 47 
0. 060 0. 285 1. 87 
0. 060 0. 260 1. 71 

0.020 0. 213 4. 20 
0.020 0 .202  3. 98 
0. 060 0. 319 2. 10 
0. 060 0. 306 2 .01  

0.020 0. 24 
0.  060 0. 36 

4. 74’+* 
2. 37** 

:: These derived values of res is tance incorporate  the assumption that all spec-  
imens  swell to f i l l  completely the 0. 060-inch thick space between the sup- 
porting screens and, therefore ,  replace a 0. 060-inch thick layer  of KOH 
solution. This may account for the general  difference between computed values 
for the 0.  020-inch and 0. 060-inch thick mats .  

::::These values compare with values of 9 ohm-cm for  the 20-mil paper  and 5. 5 
ohm-cm for the 60-mil m a t  determined during Task  1 of the p rogram on the 
unmodified t e s t  apparatus.  
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Incidentally, inasmuch as  the supporting sc reens  a r e  used in pa i r s  on 
each side of the specimen, the question a rose ,  whether the orientation of the 
contiguous screens  influences the effective conducting a rea .  
fore ,  performed using the Ace-Si1 membrane  with the sc reens  oriented wires -  
paral le l  and wires -crossed  45". 
clude that s c reen  orientation i s  not cr i t ical .  

Tes t s  were , .  there-  

The data were practically identical, and we con- 

The data l isted in Table 5 show severa l  significant things. First, the r e s -  
istance of the Fuel Cell Asbestos a s  measured  by this modified t e s t  r ig  was about 
one-half of that determined 'by the 
This probably can be attributed to the res t r ic ted  degree of swelling that can take 
place in the modified t e s t  r ig.  

original tes t  r i g  in Task 1 of the program.  

The second observation is the encouraging fact that all the mats tested in 
this p a r t  of the program showed less  res i s tance  to ionic conduction than the Fuel  
Cell Grade Asbestos mats .  This indicates that these mater ia l s  may  offer rea l  
p romise  in the development of improved cell  separa tors .  

Gas Permeabi l i tv  

The gas  that permeates  the specimen under a p r e s s u r e  differential is 
measured  by a water bubbler. As expected, a l l  the d ry  m a t s  a r e  permeable  
(Table 6). 
p e r  second was calculated for each tes t .  This ra t io  reveals  a satisfactory con- 
sistency of the data for the potassium titanate, the titania, and the cer ia  mats .  
In each case ,  the thin mats  a r e  more  permeable  than the thick ones, and in the 
c a s e  of the powders (titania and cer ia)  the permeabi l i t ies  a r e  related inversely 
a s  the mat  thicknesses.  
very  little consistency of the t e s t  data. 

The rat io  of p r e s s u r e  differential to flow rat io  in t e r m s  of bubbles 

The more  loosely-packed zirconia fiber mats reveal  

Gas permeabili ty data for  the wet mats a r e  recorded in Table 7 .  
p r e s s u r e  recorded for each specimen is  the p r e s s u r e  -(:with gradual increase)  at 
which gas leakage was f i r s t  detected. The cer ia ,  titania, and the PKT mats 
demonstrated good gas sealing character is t ics  (par t icular ly  in the 60-mil mats )  
when they contain electrolyte in the 1 : 1 weight ratio.  
loadings, these ma t s  leak gas  because of loss  of s t ruc tura l  integrity. 

The net 

At higher electrolyte 
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TABLE 6 

Gas Permeabili ty of Dry  Mat 

Net Ratio 
Thick. P r e s s u r e  Flow Rate Flow Rate 

Sp e c ime  n (inch) (ps i )  (Bubble/ s ec )  pSY 

Zirconia E - Chrysotile 
Zirconia E - Chrysotile 
Zirconia E - Chrysotile 
Zirconia E - Chrysotile 
Zirconia E-Chrysotile 
Zi  r c onia E - Chry sotile 
Zirconia E- Chrysotile 
Zirconia E - Chrysotile 
Zirconia E-Chrysotile 
Zirconia E - Chrysotile 
Zirconia E - Chrysotile 
Zirconia E-Chrysotile 

. 060 

. 060 

. 060 

. 060 

. 060 

. 060 

.020  

. 0 2 0  

. 0 2 0  

. 0 2 0  

. 0 2 0  

. 0 2 0  

. 09 

. l l  

. l l  
- 1 3  
. 08 
. 09 
. 0 5  
. 0 6  
. 0 5  
. 06 
. 0 6  
. 0 6  

1. 4 
4. 0 
2. 0 
4. 0 
2. 0 
4. 0 
1. 5 
4. 0 
2. 0 
4 . 0  
1. 8 
4. 0 

15. 6 
36. 4 
18. 2 
15. 4 
2 5 .  0 
44 .4  
30. 0 
66. 7 
40. 0 
66. 7 
30. 0 
66.7 

Potass ium Titanate P K  T-Chrysotile . 020 . 0 7  3. 0 41. 6 

Potass ium Titanate PKT-Chrysotile . 020 . 0 7  3. 0 41. 6 
Potass ium Titanate PKT-Chrysotile . 060 . 0 7  1. 8 25.. 0 

Potass ium Titanate P K  T- Chrysotile . 020 . 0 7  - - 

Potass ium Titanate P K  T- Chrysotile . 060 - 0 7  1. 6 22. 2 
Potass ium Titanate P K  T- Chrysotile . 060 . 0 7  1. 6 22. 2 

Titanium Oxide - Chrysotile . 060 . 3 2  1. 5 4. 6 

Titanium Oxide - Chrysotile . 0 2 0  . 22 3. 0 13. 9 
Titanium Oxide - Chrysotile . 060 . 3 2  1. 4 4. 3 

Titanium Oxide- Chrysotile . 0 2 0  * 22 2. 7 12. 5 

Cer ic  Oxide- Chrysotile 
Cer ic  Oxide- Chrysotile 
Ce r i c  Oxide- Chrysotile 
Ce r i c  Oxide - Chrysotile 

. 060 . 2 2  2. 0 9 . 3  

. 060 . 2 2  1. 9 9. 3 
* 020 . l l  3 .  0 27. 9 
. 0 2 0  . l l  3 .  0 27. 9 
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TABLE 7 

Gas Permeabili tv of Wet Mat 

Net * 
Thick. Electrolyte P r e s s u r e  Flow Rate 

Sp e c ime n (inch) Ratio (Psi)  (Bubble/ sec)  

Ce r i c Oxide - C h r  y s otil e 
1 1  I I  1 1  

1 1  1 1  1 1  

1 1  1 1  1 1  

. 060 1 : l  12. 2 2. 0 

. 060 1 :  1 12. 2 . 6  

. 0 2 0  1 :  1 0 Ruptured 
* 020 1 :  1 12.  2 4 . 0  

Titanium Oxide- Chrysotile . 060 1 :  1 12. 2 3. 0 
1 1  I I  1 1  . 060 1 : l  9. 3 4 . 0  

- 0 2 0  1 :  1 1 .9  3. 0 
I 1  . 020  1 :  1 0 Ruptured I I  1 1  

1 1  1 1  1 1  

Potass ium Titanate PKT- Chrysotile . 060 1 : l  6. 1 2. 4 
. 060 1 :  1 6 .  9 3. 0 
. 0 6 0  1 : l  11. 5 2. 3 
.020  1 :  1 0. 1 3. 0 

.020  1 : l  0. 6 1. 8 

1 1  1 1  1 1  I I  

1 1  1 1  1 1  1 1  

I t  I t  1 1  1 1  

1 1  1 1  1 1  1 1  * 020 1 : l  0. 3 Ruptured 
1 1  1 1  1 1  I 1  

Zirconia 
1 1  

1 1  

1 1  

1 1  

1 1  

I I  

1 1  

E -  Chrysotile 
1 1  

I I  

I 1  

1 1  

I 1  

1 1  

1 1  

1 1  I I  

I I  I I  

1 1  1 1  

1 1  1 1  

1 1  1 1  

, 0 6 0  
. 0 6 0  
. 060 
. 060 
. 0 6 0  

. 060 

. 0 6 0  

. 060 

. 060 

.020  

. 0 2 0  

. 0 2 0  

. 060 

1 : l  
2 :  1 
3 :  1 
1:: 1 
2 :  1 
3 :  1 
4 :  1 
1 :  1 
2 :  1 
3 :  1 
1:: 1 
1:: 1 
1 :  1 

1. 5 
2. 2 
0 
1. 2 
1 .9  
2. 0 
0 
0 . 4  
1. 4 
0 
0 . 4  
0.4 
0. 3 

Fir st leakage 
First leakage 
Ruptured 
Fir st leakage 
First  leakage 
F i r s t  leakage 
Ruptur e d 
Fir st leakage 
Fir st leakage 
Ruptured 
First leakage 
Fir st leakage 
First leakage 

:k This is the p r e s s u r e  a t  which bubbling first occurred,  so it may be considered 
the "bubble p re s su re ' '  of the specimen. 
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The zirconia-fiber ma t s  generally did not have a s  high a bubble p r e s s u r e  
a s  the others .  However, they were able to hold m o r e  electroiyte and sti l i  r e -  
tain their  s t ructural  integrity, so  that the best gas  sealing propert ies  were  ob- 
tained a t  electrolyte loadings generally grea te r  than the 1 : 1 ratio.  

Although the gas sealing properties of these m a t s  may  be ample for cell 
application, they a r e  generally inferior to  fuel cell  asbes tos  in this attr ibute.  

Liauid P e  rmeabilitv 

Liquid permeabili t ies were  measured by allowing water ,  under the p r e s s u r e  
of a ver t ical  column, to flow through the supported specimen. The average head 
of water  p r e s s u r e  was 119. 4 c m  and the volume of water  passed in a t e s t  was 
1. 12 ml. 
a r e  considerably more  permeable  to liquid flow than the Fuel  Cell Asbestos mats 
tes ted in Task 1. 

The resul ts  of these tests a r e  shown in Table 8. Generally, these ma t s  

In a general  way, these data cor re la te  with the gas permeabili t ies of the d r y  
m a t s  (Table 6). That is ,  the mat  compositions that a r e  the most  permeable  to gas  
a l so  a r e  the most  permeable to liquid flow as  indicated by short  flow t imes  in the 
liquid permeabili ty tes t s .  
res i s tance  tes t s  (Table 5 )  in that the a s k s t o s  has  the highest res i s tance  to both 
the liquid flow and electrolytic current  flow, and the zirconia m a t s  show the leas t  
res i s tance  in these two tes t s .  

These data a l so  have some correlat ion to the electrolytic 

Electrochemical Degradation 

Electrochemical degradation tes t s  have been performed on the four ma t  
compositions studied in this program. 
an  electrolytic cur ren t  of 40 ASF through the mat  while it was immersed  be- 
tween platinum electrodes in KOH a t  100°C. 
duration of 72 hours.  
cr ibed in the Task 1 Summary Report on this  program.  

These tes t s  were  performed by passing 

The t e s t s  were  ca r r i ed  out for a 
The details  of the experimental  procedure were  as  des-  

None of these tes t s  showed any obvious contamination of e i ther  the elec- 
trolyte o r  of the electrodes.  The only indication noted was a 
on the cathode during the testing of the PKT mat .  In all other tes t s ,  the electrodes 
remained clean and bright. 

light gray  deposit 

Spectrographic analysis of the electrolyte and electrode wash solutions must  
s t i l l  be completed in an attempt to identify any possible t r a c e  contaminants a t t r i -  
butable to the m a t  mater ia l  being tested. 
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TABLE 8 

Liquid Permeabi l i ty  

Sp e c imen Thickness (inch) 

Zirconia E - Chrysotile 

Potassium Titanate PKT- 
Chrysotile 

Titanium Oxide - Chrysotile 

Ce r i c  Oxide - Chrysotile 

. 020" 

. 060" 

* 020" 
. 060" 

. 020" 

. 060" 

. 020" 

. 060" 

Average 
Flow Time (sec .  )* 

Too rapid to measu re  
14.7 

9 . 1  
36. 5 

52. 9 
168.7 

5 . 8  
42. 8 

:k Time required to flow 1. l2ml of water  through a 112'' d iameter  c i r cu la r  a r e a  
of ma t  a t  an  average head of 119. 4 c m  of water .  
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VI1 CONCLUDING REMARKS 

Some of the salient observations made on the suitability of various candidate 
mater ia l s  fo r  use in alkaline cell  separa tors  a r e  a s  follows: 

1. 

2.  

3 .  

4. 

Materials  that a r e  inherently reactive with alkalis to  fo rm soluble 
o r  gaseous products will not survive long contact with KOH solutions. 
The natural  asbestoses ,  being s i l icates  a r e  destroyed by KOH. 
Boron nitride reac ts  with KOH to generate ammonia and the reaction 
is accelerated by the large reactive surface a r e a  of the fibers.  
Silicon carbide a l so  dissolves in KOH, probably forming hydro- 
carbon gas.  

Titania and potassium titanate both reac t  slowly with KOH a t  elevated 
temperatures  to form insoluble mater ia l s ,  probably hydrated potassium 
titanate. 
parent  mater ia l  a s  a matrix.  

It is possible that the hydrated mater ia l  is superior  to the 

Zirconia E is apparently essentially unchanged by long contact with 
hot KOH. The fibers a r e  s t i f f  and fragile,  and consequently, m a t s  of 
Zirconia E fiber have poor gas  sealing proper t ies .  

Cer ia  powder is essentially unchanged by long contact with hot KOH 
solution. However, i t  has no fibrous charac te r  and, therefore,  requi res  
a f iber  addition to provide coherence and gas  sealing proper t ies  when 
saturated.  

The mats made f rom titania, PKT, zirconia, and ce r i a  showed some pro-  
m i s e  of improvement over the Fuel Cell Grade Asbestos  m a t s  evaluated in Task 1 
of the program.  The main advantage of these mats is  their  improved chemical 
compatibility with the electrolyte compared to the asbes tos  mats. Their elec- 
t rolyte  absorption and retention propert ies  a r e  generally as good as the asbestos  
m a t s  ( some  a r e  not a s  good and some a r e  better) .  Another significant a r e a  of 
improvement is their  lower resis tance to electrolytic conduction. 

In cer ta in  other propert ies ,  these mats a r e  infer ior  to asbestos .  One such 
property of importance is the bubble p r e s s u r e .  However, these ma t s  may have 
adequate bubble p r e s s u r e  when they can retain their  s t ruc tura l  integrity. This 
bubble p r e s s u r e  consideration helps emphasize the main shortcoming of these 
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m a t s  which i s  their  loss  of structural  integrity when saturated with electrolyte. 
It s e e m s  this is the central  problem that mus t  be overcome to allow these mat-  
e r i a l s  to be useful in improved separator mats .  (One additional consideration is  
that these specific mats  contained 10% chrysotile asbestos  f ibers ,  therefore,  they 
would not completely overcome the inherent shortcomings of the asbes tos  even i f  
they were  satisfactory in a l l  other respects .  ) 

The key to  developing improved separa tors  using these four promising mat- 
e r i a l s  ( t i tania,  PKT, cer ia ,  and zirconia) s eems  to be in finding a way to eliminate 
any asbestos  in the mats  and yet improve their  s t ruc tura l  integrity. 

One possible approach suggested by the resu l t s  of this program for using 
titania and /o r  PKT is to allow porous s t ruc tures  of these mater ia l s  t o  reac t  with 
KOH at high temperatures  to form a hydrated s t ructure  and, by so  doing, possibly 
improve the mechanical propert ies  of the original s t ruc ture .  Perhaps  some ex- 
ploratory studies to check on the feasibility of this  approach should be undertaken. 

Another approach is to develop these mater ia l s  in improved fiber forms .  
F ibe r  technology i s  advancing rapidly, and this may soon be a technologically and 
economically feasible approach. Potassium titanate , for  example, had been avail-  
able in a more  fibrous fo rm a s  "Tipersul", but there  was apparently insufficient 
economic justification for maintaining a producing capability for this  mater ia l .  
The technology for producing such f ibers ,  however, i s  obviously available. 

A m o r e  expedient approach for the present ,  and one that is applicable to 
any of these mater ia l s ,  is to find a suitable and available fiber o r  other reinforcing 
sys tem to render  s t ructural  integrity to ma t s  made f rom these promising mat-  
e r i a l s .  F o r  such reinforcing mater ia ls ,  we mus t  turn to the organic polymers .  
Even here  we a r e  limited by temperature  requirements .  However, the fluorinated 
hydrocarbons appear  to have the necessary combination of tempera ture  capability 
and chemical iner tness  for  use in this application. 
promising for  the lower temperature  applications. 

Polypropylene a l so  seems  

The organic-polymer-reinforcement sys tem is, in fact, the approach scheduled 
f o r  the follow-on work on this program. Various combinations of these promising 
inorganic mater ia l s  will be composited with var ious types and forms of organic 
f i b e r s  and binders as an approach toward obtaining a real ly  suitable cell  separa tor  
mate  rial. 
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